Objective: to evaluate the etiologic profile of acute diarrhea in socioeconomically deprived children assisted at a regional pediatric emergency care service.
Introduction
Infantile diarrheal disease is still a frequent syndrome nowadays and is one of the major causes of medical assistance, hospital admission, and mortality, especially in developing countries. [1] [2] [3] At the Emergency Room of the Teaching Hospital, Universidade de São Paulo (USP), which assists the economically-underprivileged population from Butantã district in São Paulo, acute diarrhea has been the second cause of pediatric medical care and hospitalization in the last five years.
The annual incidence and the etiologic profile of diarrhea in different populations may vary with several risk factors. [4] [5] [6] The following factors predispose high incidence rates and bacterial etiology: young age, nutritional deficiencies, inadequate physical and food hygiene, early weaning, densely populated homes and workplaces, lack of basic sanitation in places of stay, access to contaminated water supplies, and hot season (summer). 1, 7 In industrialized countries the frequency of diarrheal bouts per child is only 0.5 to 2 episodes per infant/year, whereas in developing regions it may amount to 10 episodes/year. 7 In industrialized countries, rotavirus predominates, and bacteria are commonly found in children from developing countries. [8] [9] [10] [11] [12] The etiologic profile of infantile diarrhea has changed in recent years as several microorganisms have been identified. [13] [14] [15] [16] In addition, other relevant changes in this profile resulted from the reassessment of the diarrheagenic role of many Escherichia coli strains that were formerly considered nonpathogenic. The importance of enteropathogenic Escherichia coli has been recognized for a long time, however, other five categories have been also recognized: enteroinvasive Escherichia coli (EIEC), enterotoxigenic Escherichia coli (ETEC), enteroaggregative Escherichia coli (EAEC), enterohemorrhagic Escherichia coli (EHEC) and diffusely adherent Escherichia coli (DAEC). 17, 18 These subtypes of Escherichia coli , which frequently cause diarrhea in children, according to some authors, are still understudied in our country. 7, 19, 20 The identification of the etiologic agent of diarrhea in the first months of life targets on establishing local surveillance policies, treatment and prophylaxis of diarrheal disease, among others. [1] [2] [3] Keeping this objective in sight, diarrhea in different rural and urban regions, socioeconomic classes, seasons of the year, and age groups have been investigated, in addition to patients with specific characteristics. 19, 20 Some studies carried out in the urban area of São Paulo assessed the etiology of acute diarrhea and revealed that bacterial infection predominates over viral infection. 8, 10, 15, 21, 22 Among bacterial etiologic agents, Escherichia coli , especially the enteropathogenic subtype (EPEC), was detected in 30-40% of the cases of diarrhea in the 1980's. 8, 21 This etiologic profile is similar to that observed in the same period in other urban populations in developing countries. 2, 5, 7 However, in the last years, we have noted an apparent tendency towards a relative expansion of the role of rotavirus among the children suffering from diarrhea treated at the Emergency Room of our hospital. This possible change in the etiologic profile of diarrhea has been reported in other assessments of its etiologic agent in socioeconomic-underprivileged urban populations. 10, 23, 25 Furthermore, we optimized the assessment of diarrheagenic bacteria using new laboratory resources available for investigating Escherichia coli subtypes. In this study, we reassessed the etiology of diarrhea among the children treated at our emergency room.
Methods
The study was approved by the Research and Ethics Committees of the Teaching Hospital, Universidade de São Paulo. Parents were asked to give a verbal informed consent allowing the inclusion of their children in the study.
Place of study and sample data: the study was scheduled to be performed within two years, and consisted of a restricted time period for the assistance and inclusion of patients-between 8 a.m. and 10 a.m., Mondays through Thursdays, save holidays. In this period, the children assisted at the Emergency Room of the Teaching Hospital, Universidade de São Paulo, who met all the following criteria were included: age between 0 and 59 months, with three or more watery stools in the previous day, length of diarrheal bouts less than 14 days, nonuse of antibiotics in the previous month, and patients who had not left town in the previous month (acute diarrhea or AD group). 7 The other group consisted of children who did not suffer from diarrhea (WAD). In the WAD group were healthy children without digestive disease in that moment and during the reassessment performed after 3 or 4 days; those without vomiting and/or diarrhea in the previous month; those who had not left town and those who had not used antibiotics in the previous month. The period for data collection was identical to that in the AD group, but was limited to one case per day (the first to meet the selection criteria). Diarrhea was considered severe when the number of stools had been greater than or equal to six in the previous day. 1, 10 Protocol routines: an initial clinical evaluation was performed and oral hydration was implemented according to the medical assessment specific to each case. Parents or guardians were simultaneously submitted to a standard questionnaire aimed at finding out about their children's clinical status, eating habits, living standards, housing conditions. The children were weighed at the end of the hydration period, according to the clinical evaluation of the assistant doctor.
Stool specimens were collected from children in the AD and WAD groups after spontaneous evacuation. The material was then sorted out: a) on Cary-Blair medium for bacteriological screening; b) in acrylic bottle for freezing and later viral infection screening; c) in formaldehyde solution at 10% and glass slide smear for the investigation of protozoa.
Among enteropathogenic bacteria, we studied six Escherichia coli subtypes (EPEC, EAEC, ETEC, EIEC, EHEC, DAEC), Shigella sp, Salmonella sp, Yersinia enterocolitica and Campylobacter jejuni. Among viral agents, we studied rotavirus, and among diarrheogenic protozoa, Entamoeba histolitica and Giardia lamblia.
Bacteriological screening: performed at the Department of Clinical and Toxicological Analysis, School of Pharmaceutical Sciences, Universidade de São Paulo. In addition to the classic methods of isolation and identification of pathogens, biological and molecular methods were used to investigate virulence factors in strains of Escherichia coli isolated from the groups with and without diarrhea. [26] [27] [28] MacConkey agar was used for the isolation of Escherichia coli. 27 The slide agglutination test was used for the identification of enteropathogenic Escherichia coli serogroups using bacterial suspension as recommended. 27 Strains biochemically identified as Escherichia coli were submitted to slide agglutination tests with polyvalent and monovalent antiserum against classic serogroups of Escherichia coli (EPEC) O 26 26 The virulence factors investigated in the isolated Escherichia coli strains were: adherence (EAF, eae, BFP), invasion (INV) and toxins (LT, ST, SLTI, e STLII). These virulence factors were analyzed by hybridization colonies. 8, 28 The screening of Salmonella sp was performed on MacConkey agar, Salmonella-Shigella (SS) agar, and in bright green staining after enrichment in selenite and tetrathionate broths. 27 The strains biochemically identified as Salmonella sp were submitted to agglutination with somatic polyvalent antiserum. The serogroup of the strains were determined by agglutination tests with antisera for serogroups A, B, C1, C2, D, E (E1 to E4), F, G H, I. The strains with negative agglutination test results were resubmitted to testing after heating at 100 ºC.
The screening of Shigella sp was performed on MacConkey and SS agars. 27 The strains biochemically identified as Shigella sp were submitted to agglutination with polyvalent antisera specific to Shigella dysenteriae (serotypes 1 to 10), Shigella flexneri (serotypes 1 to 6, and X and Y variants), Shigella boydii (serotypes 1 to 15) and Shigella sonnei (forms I and II).
The screening of Yersinia enterocolitica was performed on MacConkey and SS agars. 27 The strains biochemically identified as Yersinia enterocolitica were submitted to slide agglutination tests with monovalent and polyvalent antisera, prepared with in vivo cultures specific to serotypes O 3 , O 5 , O 8 , and O 9 .
The screening of Campylobacter sp was performed on Columbia agar with activated charcoal. 20 Screening for viruses: stool samples were diluted in saline solution (1:10) and submitted to immunoenzyme assay for the detection of rotavirus. 29 This procedure was conducted according to the established techniques, using a kit manufactured by the Oswaldo Cruz foundation (FIOCRUZ). 29 Positive strains were confirmed by polyacrylamide gel electrophoresis (PAGE).
Parasitologic screening tests: the detection of protozoa and helminths was made by the sedimentation (Hoffman) and fluctuation (Faust) methods. 30 Statistical analysis: the differences among groups were analyzed by the chi-square test, Fisher's exact test, and Mann-Whitney test for the comparison of means. Binomial calculation was used to estimate the distribution of some ratios. P values less than 0.05 were considered significant for all tests.
Results
Between March 1994 and June 1996, 196 children assisted at the pediatric emergency room of the Teaching Hospital, Universidade de São Paulo, were included in the study. Of this total, 154 met the selection criteria for the acute diarrhea group (AD) and 42 fulfilled the criteria for the group without acute diarrhea (WAD). The children in the WAD group returned 3 or 4 days after inclusion, and no episode of diarrhea was reported.
The children in the AD group were mostly males (85 cases -55.2%), younger than one year old (100 cases -65%), eutrophic (131 cases -85.1%) and were not being breast-fed (123 cases -79.8%). In the WAD group, there were 19 male children (45.2%), most of them were older than one year (25 cases -59.5%) and eutrophic (37 cases -88%). Of the 42 children in the WAD group, only 11 (26.2%) were being breast-fed. In this group, 21 cases (50%) turned up for clinical evaluation and did not have any disease. The other 21 children had respiratory disease (13 cases -31%), integument disease (6 cases -14.3%) or mild trauma (2 cases -4.7%). The characteristics of the children in these two groups are shown in Table 1 .
Most patients in these two groups were socioeconomically underprivileged infants. Although the groups share a similar profile in terms of gender (P=0. 25) and were included in the study based on the season of the year (P=0.11), age distribution was different (P=0.005).
The children in the AD group had between 3 and 12 episodes of diarrhea per day (mean of 5.8 episodes/child/ day). The intensity of diarrhea was classified as severe in 42 cases (27.2%). The presence of bloody stools was reported in 17 cases (11%). The second most frequent symptom was vomiting, reported in 121 children (78.6%), of whom, 44 (28.6%) had three or more episodes in the previous 24 hours. Fever was measured or presumed by guardians in 91 children (59%). Severe dehydration was present in 37 cases (24.0%) 2 at the beginning of the treatment. After hydration and observation in the emergency room, 29 children (18.8%) were hospitalized for at least one of the following reasons: severe dehydration (12), diarrhea with increased fluid loss (18) , uncontrollable vomiting (15) , and poor general health status (29 In terms of etiology, potential enteropathogens were found in 112 (72.8%) children in the AD group and in 9 (21.5%) cases in the WAD group. The association among potentially pathogenic agents (2 to 4 per case) occurred in 47 (30.6%) cases in the AD group, and in 3 (7.2%) cases in the WAD group. The distribution of cases in the AD and WAD groups, according to enteropathogen families, is shown in Table 2 .
Rotavirus was detected only in the AD group, in 58 (37.6%) cases, usually associated with bacteria -25 cases (16.2%). The bacteria were detected in 79 cases (51.3%) in the AD group and in 9 (21.4%) cases in the WAD group. The association of bacteria was present in both groups. Protozoa were found only in 2 (1.4%) of the cases in the AD group and in one (2.4%) case of the WAD group. The frequency estimates calculated by binomial distribution indicated similar proportion in terms of detection of rotavirus, bacteria or an association of these enteropathogens in the AD group. The results concerning potential enteropathogens in the AD and WAD groups are shown in Table 3 .
In the AD group, we detected 165 potential pathogens (1.1/case). The first agent most frequently found was Escherichia coli , with 90 strains. As shown in Table 3 , 65 of these strains of Escherichia coli were associated among themselves or with another pathogen, especially with rotavirus. We also observed that rotavirus, found in 58 children, was the most commonly isolated agent in the AD group -31 cases. Shigella sp was isolated in 12 cases in the AD group (S. flexneri -11 and S. sonnei -1), associated with another enteropathogen in 7 children. Salmonella sp was detected in two children in the AD group, whereas Yersinia enterocolitica was found in one child. Campylobacter sp was not detected. Cysts of Giardia lamblia were found in the AD group in only two cases.
In the WAD group, 12 (0.3/case) potential pathogens were detected, 11 of which consisted of bacteria ( Table 3) . The bacteria were Escherichia coli (10) and Shigella flexneri (1) . Cysts of Giardia lamblia were detected in one case.
Out of six subtypes of Escherichia coli , four identical subtypes were detected in the AD and WAD groups (Table  3) ; subtypes EHEC and EIEC were not found. Ninety strains were observed in the WAD group: EPEC-27, DAEC-23, ETEC-21 and EAEC-19. Ten strains were identified in the WAD group: EPEC-3, ETEC-3, EAEC-2, DAEC-2. The subtypes of Escherichia coli were considered the only potential enteropathogens at similar rates in both groups (AD and WAD) ( Table 3) . 
Correlation of patients' clinical profile with etiologic aspects
In terms of age groups, EAEC was detected among children younger than 12 months (17/19, P=0.02), and Shigella sp was isolated especially in children older than one year (10/12, P=0.004).
With regard to seasons of the year, two periods were taken into consideration: spring-summer with 49 cases, and fall-winter with 105 cases. EPEC was observed in the hottest months (15/49 versus 12/105, P= 0.003), and so was ETEC (15/49 versus 6/105, P=0.01). Rotavirus was more frequent during the fall-winter months (9/49 versus 49/105, P=0.001).
The results concerning the clinical profile, age, and socioeconomic status of children in the AD group were regrouped into four categories according to etiology: cases with rotavirus, cases with some bacteria, cases with rotavirus and some bacteria, and cases in which no viruses or bacteria were detected (Table 4) .
No significant difference was found in the distribution of etiologic results in relation to several parameters such as age, nutritional status, breastfeeding, and presence of fever. Also, there was no correlation between the severity of diarrhea and presence of blood in stools and the etiologic categories analyzed. In the bivariate analysis, the combined cases of rotavirus and bacteria were correlated with higher frequency of vomiting, dehydration, and hospital admission.
Discussion

Percentage of cases with detected enteropathogens
The high percentage of enteropathogens in the AD group (72.8%) is similar to the best results obtained through etiologic investigation reported in pediatric literature (60 and 80%). 11, 14 Basically, we attribute these results to the use of accurate laboratory methodology, which allowed us to assess and detect high frequency of Escherichia coli with other subtypes than EPEC. We analyzed five colonies of each stool sample, while only two samples are usually analyzed on conventional examination. 27 In addition to usual serotyping, the bacteriological screening also included an investigation into virulence factors by means of genetic assays. 28 These techniques and methods increased the sensitivity for the detection of these enteropathogens (thus justifying the high rates of mixed infections). This way, by comparing the present results with those obtained from other studies, we should consider this methodological difference. Therefore, the results of other previous etiologic evaluations, either conducted by us or other authors, with detection rates between 34 and 61.7%, may be better understood. 4, 12, 19, 20, 22 The percentage of cases with enteropathogens in the AD group was much higher than that observed in the WAD group. These results confirm that the analyzed pathogens are involved in the etiology of diarrheal disease, as widely recognized. 22, 24 However, although both groups, to a greater extent, consisted of infants, the median age of these infants was different.
Profile of the detected agents
A less careful assessment would show that bacteria are the most important etiologic agents -found in 51.3% of children in the AD group versus 37.6% of those with rotavirus (with a high frequency of mixed cases). However, part of these bacteria may act just as commensal microorganisms, since this type of microorganisms was detected in 21.4% of the cases without diarrhea; this did not * one case with Giardia lamblia; B: bacteria; R: rotavirus; P: probability; † % of the line; § acute; || exclusive or mixed; ¶ three or more episodes/24h; ‡ in months; MFI: mean family income in minimum wages/month; P10: cases with weight lower than the 10th percentile (NCHS curve) Table 4 -Clinical profile, age and socioeconomic status of children in the group with acute diarrhea (AD), according to the detection of rotavirus and/or enteropathogenic bacteria happen to rotavirus. Protozoa played an unimportant role as enteropathogens, which is in agreement with most studies on diarrhea, despite some occasional discrepant data. 5, 20 Therefore, the relative importance of rotavirus and bacteria showed some similarity to that in the AD group, a fact that has been frequently observed in our country and in other developing countries. 12, 24, 25 Formerly, epidemiological studies indicated a clear predominance of bacteria, especially Escherichia coli , subtype EPEC. 4 The progressive improvement of hygiene conditions and basic sanitation has seemingly changed the etiologic profile of acute diarrhea. 2, 3, 24 Among the potentially enteropathogenic bacteria, Escherichia coli was the most prevalent, as reported in the literature. 6, 21 Escherichia coli was identified in 71 (46.1%) of the cases of diarrhea, being present in 90 of 105 strains isolated in children in the AD group. This bacterium is important as enteropathogen, even if we consider that part of Escherichia coli may just be colonizing the digestive tract of some children in the AD group. 21 This can be explained by the presence of Escherichia coli in 9 (21.5%) children without diarrhea.
Of the six Escherichia coli subtypes, EPEC was more frequent (27 strains) than the others, as previously recognized. 6, 17 The presence of virulence factors EAF, BFP and EAE was observed in 60% of these strains (typical EPEC), while the remaining EPEC strains were classified as atypical, as already recognized. 20 . Altogether, non-EPEC subtypes are predominant in the AD group (63 versus 27 strains), as observed in other areas. 11 EHEC subtype was not found in children, even in those with bloody stools. In other studies, EHEC was associated with 10-15% of bloody diarrheas. 17 EIEC was not observed. The small incidence of EHEC and EIEC confirm other Brazilian studies. 19, 20 There was a reduced incidence of EPEC identified as the only etiologic agent of diarrhea in the AD group -8.4%, in comparison to other reports that associate this bacterium to 20-30% of the cases. 12, 18 ETEC was also detected as the only etiologic agent of diarrhea in 2.6% of the cases in the AD group, an incidence rate that is similar to some studies, 20 but lower than that observed in other studies conducted in developing countries, whose rates range between 10 and 33.5%. 4, 9, 11 In our study, we observed a high percentage of cases with mixed etiology involving EPEC (9.1%) and ETEC (11.1%). Seemingly, the low rates of isolated detection of EPEC and ETEC result from the high frequency of concomitant enteropathogens. The optimized techniques for the detection of viruses and bacteria employed in the present study might be responsible for these results.
Other Escherichia coli diarrheogenic subtypes detected in the AD group, EAEC (19 strains) and DAEC (23 strains) are not commonly analyzed in clinical laboratories, and even in some etiological studies. 12, 14, 20 Therefore, part of the cases of diarrhea would not presumably be etiologically clarified if they had not been assessed by our research protocol.
The association of different Escherichia coli subtypes occurred in 17 cases in the AD group, three of which occurred concomitantly with rotavirus. Therefore, we found 14 (9.1%) associations of Escherichia coli subtypes in the AD group, and one association (2.4%) in the WAD group, with similar ratios (P=0.33). This does not reveal a possible synergistic effect of these subtypes on the cases of diarrhea.
Among other bacteria identified in the AD group, we have Shigella sp, which was isolated in 12 cases (7.8%), and in six among these cases it was the only isolated pathogen. Most of the cases presented Shigella flexneri. Other studies conducted with patients from economically-underprivileged populations revealed similar frequency and species of this enteropathogen in children with diarrhea. 7, 12, 18, 19, 22 Sometimes, the incidence of Shigella sp was higher. 20 The reduced detection rate of Salmonella sp observed in the AD group follows the progressive reduction reported in Latin American countries from the 1990's onwards. 19, 20 Campylobacter sp and Yersinia sp were of low importance in the AD group, as also observed in other Brazilian studies. 4, 13, 20 There was a high incidence of rotavirus in AD group children (37.6%-58 children), and it was the only pathogen in 31 children (20.1%). These results are important since rotavirus was not observed in any children from the WAD group. Other authors have identified rotavirus in at most 3 to 5% of children without diarrhea. 24 We could have found a higher incidence of rotavirus if we had studied rotavirus in non-A groups. These have been found in a small part of the pediatric population affected by diarrhea, as shown by some authors. 25 Rotavirus was associated with bacteria in 25 (16.3%) of the cases in the AD group. This association had been previously observed on a smaller scale. 4, 20 The high level of rotavirus/bacteria association observed in the present study, when compared to other studies, may simply result from the optimized methodology. 20 The high incidence of rotavirus in the present study conforms to recent investigations, which show an increasing rate of this virus as a causing agent of diarrhea, even in developing countries. 24 This tendency was noted in the 1980's in severe cases (hospitalized patients) and in mild cases (outpatients) 5, 9, 14 . The increase in the rate of rotavirus among the cases of diarrhea does not seem to result in an increased incidence. 2, 3 Health indicators have shown low incidence of gastroenteritis as a whole, especially those caused by bacteria, resulting in relative increase of virusinduced diarrhea. 2, 3 In terms of clinical aspects and etiologic findings, the present study reiterated some conclusions made by other authors. In general, the clinical characteristics of the cases have restricted specificity and, consequently, limited clinical use. [1] [2] [3] The intensity of diarrhea, the presence of blood in stools, the patient's age, fever, and season of the year do not allow for the identification of the agent or family of the causing agents of diarrhea. 12 The frequency of Escherichia coli subtypes was higher in infants during the hottest months of the year, and the frequency of rotavirus was higher in fall and winter months, as shown in other studies. 4, 20, 24 There was also a correlation between mixed (bacteria and virus) cases, with a clinical profile of more severe disease-with increased occurrence of vomiting, dehydration, and hospital admission. However, the bivariate analyses show little evidence of this correlation. In general, all these findings have limited clinical use.
Conclusion
The authors investigated the etiology of diarrhea in a large group of socioeconomically-underprivileged children treated for a long time at an emergency room. They discovered that Escherichia coli and rotavirus are found in most of the cases, including those associated cases in the same patients. The rate of protozoa detected in the analyzed patients was not relevant. Part of the cases in the AD group was not identified in terms of etiology, indirectly indicating that other knowingly potential pathogens might be involved. [13] [14] [15] Most Escherichia coli detected in the study belong to subtypes that are not usually assessed by routine lab exams. This piece of information, combined with the data obtained from other studies, suggests that diarrhea cases of unknown etiology might result from technical limitations of bacteriological screening. 20 From another standpoint, the limited knowledge about the physiopathology of diarrhea was also evident, despite the advances in the detection of enteropathogens. In the present study, a significant number of children infected with pathogenic bacteria, with no diarrhea, was observed in the WAD group. EPEC strains were also detected, but virulence factors could not be determined. These facts were previously observed and reinforce that the pathogenesis of diarrhea depends on factors related to the agent and/or host, which have not been properly identified as yet. 17 The identification of the cause of infection in most diarrheas investigated in the present study and in other studies as well 2 shows that it is necessary to implement prophylactic measures. 2 The prophylaxis for the group of children assisted at the emergency room and for those in similar situations should focus on primary health programs (breastfeeding, personal hygiene and improvement of health conditions), as already established. 1 The prophylaxis in case of rotavirus-induced infections, which have acquired increasing importance, should concentrate on the development of an efficient and safe vaccine. 24 
